A protease, freesia protease (FP)-A, was puriˆed to electrophoretic homogeneity from regular freesia ( Freesia re‰acta) corms in harvest time. The M r of FP-A was estimated to be 24 k by SDS-PAGE. The optimum pH of the enzyme was 8.0 using a casein substrate. These enzymes were strongly inhibited by p-chloromercuribenzoic acid but not by phenylmethane-sulfonyl‰uoride and EDTA. These results indicate that FP-A belongs to the cysteine proteases. The amino terminal sequence of FP-A was similar to that of papain, and the sequences was regarded to the conservative residues of cysteine protease. From the hydrolysis of peptidyl-pNAs, the speciˆcity of FP-A was found to be broad. It was thought that FP-A was a new protease from freesia corms.
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During germination and the early growth stage of plants, storage proteins are degraded by proteolysis. Cysteine proteases of higher plants appear to have many proteolytic functions in intracellular and extracellular processes such as degradation of storage proteins in germinating seeds. [1] [2] [3] [4] [5] [6] Aleurain from the aleurone layer of barley ( Hordeum vulgare) is a wellcharacterized seed cysteine protease. 7, 8) In the investigation of plant endopeptidase, many enzymes have been found in latex, fruits, and seeds, 9) however, the endopeptidases from the underground parts of the plants have been poorly understood. Some enzymes were reported as follows: an endopeptidase from maize roots, 10) a protease from Arabidopsis roots, 11, 12) proteases of sprouting potato (Solanum tuberosum) tubers, 13, 14) and a cysteine protease of ginger (Zingiber o‹cinale Roscoe) rhizomes. 15) We have been interested in measuring the protease activity of plant parts in order to understand the function of proteases toward reserved proteins in corms. In our previous paper, two cysteine proteases (termed FP-A and FP-B) had been found from freesia corms, and then the latter had been isolated.
16) The Mr of FP-B was estimated to be 26 k by SDS-PAGE. The optimum pH of FP-B was 6.0-7.0 at 309 C using a casein substrate. It was thought that the enzyme was a typical papain-like cysteine protease.
In this paper, we have isolated FP-A from freesia corms in harvest time and described the properties and substrate speciˆcity of this protease.
All procedures for puriˆcation of the enzyme were done at 79 C. Freesia corms, Freesia re‰acta ssp. White Mary' (200 g, Takii Co., Kyoto, Japan), were homogenized with a domestic mixer in 400 ml of 20 mM Na, K-Pi buŠer at pH 7.0. The homogenate wasˆltered through a cotton cloth and was centrifuged (4,000×g, for 30 min). Solid ammonium sulfate was added to the supernatant to 50z saturation and kept for 24 h. After centrifugation (4,000× g, for 30 min), the pellet was dissolved in 10 mM Na, K-Pi buŠer at pH 7.0. The solution was put directly on a column (5.0×50 cm) of DEAE-cellulose equilibrated with the same buŠer. The column was washed with buŠer A, and the protease was eluted with 0.2 M Na, K-Pi buŠer, pH 7.0. Solid ammonium sulfate was added to the eluate from the column to 50z saturation. After 24 h, the mixture was centrifuged (10,000×g, for 15 min), the pellet was suspended in 10 mM Na, K-Pi buŠer, pH 7.0, and then the suspension was dialyzed against the same buŠer overnight. The dialysate was centrifuged (10,000×g, for 15 min), and the supernatant was put on a DEAE-Sepharose column (1.8×26 cm) equilibrated with 10 mM Na, K-Pi buŠer, pH 7.0, and then the proteins adsorbed to the column were eluted with a linear gradient from 10 mM Na, K-Pi buŠer, pH 7.0 (1 liter) to 0.2 M Na, K-Pi buŠer, pH 7.0 (1 liter). The ‰ow rate of the column was 0.9 ml W min. Each fraction was 15 ml. Solid bars, absorbance at 280 nm; (), caseinolytic activity. Box: SDS-PAGE of puriˆed FP-A. The samples were electrophoresed in a 15z polyacrylamide gel. The gel was stained in Coomassie Brilliant Blue R-250 for 15 min and then destained. One unit of activity was deˆned as the activity giving 0.001 A 280 units of change per min under these conditions.
A Cysteine Protease of Freesia Corms
Protease (FP-A)-containing fractions were collected, and solid ammonium sulfate was added to the eluate from the column to 50z saturation. The ammonium sulfate precipitate of the eluate from the DEAESepharose column was centrifuged (10,000×g, for 15 min), then the pellet was dissolved in distilled water and the solution being put on a Bio-gel P-60 gel ltration column (2.4×95 cm) equilibrated with 10 mM Na, K-Pi buŠer, pH 7.0. The eluate from the gelˆltration was diluted with distilled water, and was put on a Q-Sepharose column (2.0×6.0 cm) equilibrated with the above buŠer. The proteins adsorbed to the column were eluted with a linear gradient from 10 mM Na, K-Pi buŠer, pH 7.0 (500 ml) to 0.08 M Na, K-Pi buŠer, pH 7.0 (500 ml). The pooled active fraction was dialyzed against 10 mM Na, K-Pi buŠer, pH 7.0, overnight.
An enzyme, FP-A, was isolated from the freesia corms in harvest time. The peak size of the caseinolytic activity of FP-B was smaller than that of the previous study.
16 ) The freesia corms contained a relatively large amount of protein. The greater part of an undesired protein was e‹ciently removed at the initial treatment of a DEAE-Sepharose column (Fig. 1) . The yields of each puriˆcation step are summarized in Table 1 . FP-A wasˆnally puriˆed from the QSepharose column chromatography with 6z recovery. From 200 g of the freesia corms, 13 mg of the puriˆed enzyme was obtained.
The puriˆed FP-A showed as a single band on SDS-PAGE by the method of Laemmli, 17) having a Mr of 24 k as shown in Fig. 1 (box) .
Isoelectric focusing of FP-A was done with an acrylamide slab gel containing Ampholine (pH 3.5-10.0) by the procedure of Westermeier 18) using 7z gel. The pI of FP-A (6.9) was estimated by isoelectric focusing on an acrylamide slab gel. The data was consistent with the elution point of FP-A, fraction number 50 to 60 on a DEAE-Sepharose chromatography (Fig. 1) .
FP-A from corms was characterized by measuring these protease activities with casein as a substrate at various pHs (Fig. 2(A) ). Proteolytic activity was measured with casein as a substrate by the method described previously.
16) The optimum pH of FP-A was observed to be about 8. This proˆle was similar to that of melain, a cysteine protease from bead tree fruit under the same conditions. 19) The pH stability of FP-A was examined by incubating at various pHs at 379 C for 10 min, before an assay at pH 7.0. At least 80z of the activities of FP-A remained after incubation between pH 7-10.5, (Fig. 2(B) ).
The eŠects of temperature on the proteolytic activities of FP-A are shown in Fig. 2(C) . FP-A had an optimal activity in the range of 509 C. The thermal stability of the enzyme was examined by incubating it at various temperatures for 30 min, before an assay at pH 7.0. At least 80z of the proteolytic activities of FP-A remained after incubation at 459 C, as shown in Fig. 2(D) .
The eŠects of various compounds on the enzymatic activity are represented in Table 2 . The enzyme (0.5 ml) was added to 0.5 ml of the inhibitor solution in 67 mM K-Pi buŠer at pH 7.2 and incubated at 359 C for 60 min. The remaining activity of protease was assayed using casein as a substrate. The activity of FP-A was completely inactivated by 0.1 mM PCMPS. The protease activity of FP-A was strongly inactivated by 1.0 mM DTNB, 0.01 mM E-64, and 1.0 mM PCMB. The eŠects of antipain (1 mM) and chymostatin (1 mM) were weak. PMSF and EDTA had no eŠect on the enzymatic activity. The inactivation of Tos-L-Lys-CH2Cl towards FP-A was more eŠective than those of Tos-L-Phe-CH 2 Cl. The activity of FP-B was strongly inhibited by Tos-L-LysCH2Cl. All protease activities were weakly inactivated by 2.0 mM ZnCl2. The enzyme activity were gradually decreased by an addition of DTNB. In the course of inhibition, an addition of 2-mercaptoethanol to this reaction mixture reversed this eŠect and restored the initial activity (data not shown). Therefore, these results indicated that FP-A belong to the cysteine proteases. It was found that the eŠect of compounds using in Table 2 against the activity of FP-A was similar to those of FP-B.
The substrate speciˆcity of FP-A was investigated with synthetic substrates of Ala-Ala-Pro-X-pNAs (X＝Val, Leu, Lys, Ala, Phe, Gly, and Glu). The rate of enzymatic hydrolysis for peptidyl-pNA substrates was measured by the method described previously. 19) As shown in Table 3 , all substrates were hydrolyzed by the protease. The preferential cleavage sites for FP-A were large hydrophobic residues at the P1 position, like Val or Leu. The substrates having Gly or Glu at the P1 position were barely cleaved by FP-A. From the digestion of seven peptidyl substrates, the speciˆcity of FP-A was found to be approximately broad. The speciˆcity of FP-A toward peptidyl-pNA may be broader than for FP-B.
The N-terminal sequence of the FP-A was identied. The sequence of FP-A is aligned with those of other cysteine proteases from plant tissues for maximum similarity (Fig. 3) . Some consensus sequences were found in the sequences of these proteases. The N-terminal sequence of FP-B was not identical with that of FP-A. FP-A and FP-B are diŠerent proteins, judging from the N-terminal sequences. It can therefore be presumed that these proteases arise independently from translation of diŠeent mRNAs.
From this study, it was thought that the enzyme properties of FP-A were similar to those of FP-B, but it was perhaps an other enzyme than FP-B, and no mentioned similarity was detected between FP-A and the known cysteine proteases from underground These sequences were aligned for maximum similarily. Numbering is according to that of papain. Abbreviations of amino acids follow the alphabetical system. parts such as potato 13) and ginger. 15) On the other hand, the Mr and optimum pH of FP-A activity were similar to those of asclepain A3 from the latex of Asclepias syriaca L. 20) In our previous paper, FP-B was isolated from freesia corms. 16) This is because in the previous study, the corms were stored at 4-79 C for several months, and then the corms were used for the puriˆcation of FP-B. In this study, the corms using for puriˆcation of proteases were obtained at harvest time. The amount of FP-B eluted from the DEAE-Sepharose column was observed to increase as a preservation period of freesia corms at 79 C (data not shown). We thought that the chilling tolerance in the corms was regulated, and some proteases (specially FP-B) appeared in response to chilling impossible for germination of the corms.
We plan to study, for future characterization, the roles of proteases in corm dormancy and in normal growth.
